We assess the effect of four short-sale constraints on stock returns in isolation and in combination, in generally falling versus generally rising markets, and considering relative effects for large/mid cap versus small/micro cap firms. We find that across our variety of model specifications, there is substantial evidence that our more fully specified model provides considerable additional explanatory power. We also find that the constraint behavior is asymmetric when testing during generally falling versus generally rising markets, and that small-and micro-cap firms provide important effects when viewed separately. Our results provide substantive pricing differences based on our model specification.
I. Introduction
It is widely documented in the finance literature that the degree to which short sellers are constrained in their activities depends on several key measures. The mainstream measures include institutional ownership, relative short interest, and the presence of options. Some evidence of a role for dividend-versus non-dividend-paying firms also exists. While the literature is rich with assessments of the roles of each individual measure, and even with some combined roles, the question remains as to the meaning and significance when all of the measures are specified simultaneously, and whether these measures have asymmetric effects in falling versus rising markets. This paper addresses these questions, and finds that a series of economically significant patterns emerge.
Using a random effects panel regression on a balanced dataset of 1,529 S&P Total Market Index firms, we examine the relationships between institutional ownership, relative short interest, options and dividends in rising and falling securities markets and the degree to which they may represent constraints to short-selling activities. Our analysis reveals an overall pattern where the effects of mid to lower levels of institutional ownership, the absence of exchange-traded options, the presence of cash dividends, and low levels of relative short interest are consistent with the presence of short-sale constraints. While each of these constraints is important in the aggregate, however, none of them behave as constraints during periods of generally falling securities markets. Instead, during a falling market, it appears that the explanatory power of these measures is either non-existent, or even the opposite of what we might hypothesize. During periods of a generally-rising market, however, all four proxies behave in a way that is more consistent with previous research. In addition, we find that small and micro-cap firms are more short-sale constrained than are large or mid-cap firms because of the additional possible constraint from lack of options .
II. Literature Review
Short sellers are generally believed to be sophisticated investors. This notion is supported in that short selling occurs despite greater transaction costs and larger downside risks associated with short selling relative to holding long positions.
The proceeds from a short sale are not immediately available to the short seller, but instead are frozen as collateral for the owner of the borrowed shares. While the short seller can earn interest on these proceeds, the earned rate is normally below the market rate. The difference between the market rate for lending the shares and the below-market rate earned rate for the short seller represents compensation to the lender during the delay of availability of short sale proceeds. Another item related to the cost of short selling is the tax treatment. Short sale profits are taxed at the short-term capital gains rate, regardless of the length of time the short position is open.
There are risks associated with short-selling as well. The maximum gain for a short seller is the price of the stock if the stock price falls to zero, but the potential loss is unlimited (if the stock price rises without end). Another risk to the short seller is that the loan can be recalled at the lender's option. This can happen if the lender decides to sell those shares. Then, if the short seller is unable to locate a new lender, then the short seller must purchase shares in the open market, return them to the original lender, and close the position. Short sellers have the ability to avoid this risk by choosing to borrow on a term basis, but additional fees may be involved.
Based on these points, Diamond and Verrechia (1987) suggest that short sellers will not trade unless they expect the price of the asset to fall by an amount large enough to compensate them for the additional costs and risks associated with short selling. The authors then propose that short sellers are more informed than holders of long positions.
When investors are unable to short sell an asset or unwilling to incur the higher costs of doing so, that asset is said to be short-sale constrained. We define a constraint as anything that makes short selling less attractive or more difficult relative to a long position. Miller (1977) argues that when investors differ in their beliefs as to the value of an asset, the presence of short-sale constraints can generate deviations from fundamental value. More specifically,
Miller argues that investors with bullish opinions about a stock will rationally take long positions. Bearish investors, on the other hand, would like to short the stock; being unable to do so because of a constraint, they instead sit on the sidelines and do not trade. In this case, the price of the stock represents the opinions of only the most optimistic investors, translating into artificially inflated prices, and thus lower subsequent returns. For any given degree of divergence in investor expectations, the greater the short-sale constraint, the greater the price and return bias will be.
It is traditionally held that one of the proxies for a short selling constraint is the proportion of institutional ownership (IO) in a given stock. D'Avolio (2002) shows that institutional investors are the main suppliers of stock loans. Therefore, IO could be a proxy of the loan supply as well as a proxy for the cost of short selling. Short sellers must borrow shares from an investor willing to lend. Low levels of IO may thus be consistent with low loan supply. Furthermore, if loan supply is thin, the short seller may have to pay a sizable fee, making it more expensive to short sell. Chen, Hong, and Stein (2002), Nagel (2004) , and Asquith, Pathak, and Ritter (2005) use IO as a proxy for short-sale constraints and demonstrate that the cross-sectional underperformance in returns is stronger when IO is low than when it is moderate or high.
A second common metric for the degree of constraint to short selling is relative short interest (RSI), the ratio of the number of shares which have been sold short to the number of shares outstanding. This proxy was first proposed by Figlewski (1981) , and approximates the demand to short sell a given stock. It is traditionally held that as the level of RSI for a given firm increases, it becomes more difficult to short that firm at the margin. Asquith and Meulbroek (1995) and Desai, Ramesh, Thiagarajan, and Blachandran (2002) find negative and significant abnormal returns for stocks with high short interest levels. Chen et al. (2002) , however, point out that using short interest to proxy for short-sale constraints is problematic for at least two reasons. First, most stocks have little or no short interest outstanding at any given time, and, second, low short interest may reflect the high transaction costs of shorting. Indeed, Boehme, Danielsen, and Sorescu (2006) however point out that a stock with high levels of short interest must be relatively unconstrained rather than highly constrained. Thus, it is arguable that low levels of short interest, as opposed to high levels, are more representative of a short-selling constraint.
The lack of exchange-traded options for a given stock may represent another form of a shortsale constraint. With options, investors can take a short position in a stock without having to short sell the stock directly. For instance, by either buying put options or writing call options, an investor can take a synthetic short position and bet on the expected downward movement in the value of a particular asset. However, when stocks do not have exchange-traded options, this synthetic short position cannot be created, thereby making it possible for pessimists to trade on their information only by short selling the stock directly. Figlewski and Webb (1993) , Danielsen and Sorescu (2001) , and Phillips (2011) find that firms with exchange-traded options are in fact less short-sale constrained. Furthermore, the lack of options, combined with either low levels of IO and/or constrained levels of RSI, might make it extremely difficult for investors to take a short position in a given stock.
A lack of exchange-traded options, however, is not a common feature among either large cap or mid cap stocks. At the end of 2011, all of the S&P 500 firms had exchange-traded options, and at least 99% of S&P 400 mid-cap firms had exchange-traded options. There is a considerable drop-off in exchange traded options, however, in the S&P small cap and S&P microcap firms. Starting with the S&P Total Market Index, which has 3,773 constituent firms, and dropping the S&P 500 large-cap and the S&P 400 mid-cap firms, only about 57% of the remaining S&P small cap and S&P microcap firms have exchange-traded options.
The decision to introduce a stock option is not made by a firm's board of directors, but instead is made at the discretion of the option exchange. Mayhew and Mihov (2004) point out that if the primary motivation of the exchange is the long-term profitability of the exchange, then the board of the option exchange will select stocks which are likely to generate the largest long-term trading volume. Danielsen, Van Ness, and Warr (2007) examine stock characteristics which are predictive of option introduction and find that stocks with high market capitalization, improving liquidity and high abnormal volatility are favored for option listing. Phillips (2011) argues that while it is unlikely that option exchanges are attempting to select stocks with improving efficiency, it is possible that they may indirectly do so based on their selection criteria. He supports this conclusion by citing an increase in IO, suggesting that stocks undergo an increase in investor recognition and/or popularity prior to option introduction.
If option introduction reduces short-sale constraints, it would be expected to be predictive of negative abnormal returns as historical negative information withheld from the market is impounded in stock prices. Conrad (1989) and Detemple and Jorion (1990) , however, investigate whether option introductions change the price levels of underlying stocks and find positive effects. Sorescu (2000) and Danielsen and Sorescu (2001) , on the other hand, find that for options listed from 1980 to 1995, the underlying stock realizes negative abnormal returns following option introduction. Using a control sample of non-optioned stocks having similar characteristics to those selected for option introduction, Mayhew and Mihov (2005) find that the control portfolio exhibits similar negative abnormal returns, suggesting that the relationship between option introduction and negative abnormal return may be spurious and more a result of stock characteristics common at the time of option listing. Ni, Pearson, and Poteshman (2005) further show that stocks with exchange-listed options tend to cluster at option strike prices on expiration dates. They also show that there is no corresponding change in the distribution of the closing prices of non-optionable stocks. Phillips (2011) finds that option introduction alleviates 79% of the price adjustment efficiency disparity between short-sale constrained and unconstrained stocks in relation to negative news. No significant improvement in adjustment efficiency is found in response to positive news.
Finally, dividend paying firms may be more short-sale constrained than non-dividend paying firms (Dechow, Huton, Meulbroek, and Sloan 2001) . Consider a short seller shorting a dividend paying firm. The paid dividends belong to the lender of the shares, not to the short seller. Thus, the short seller must transfer any paid dividends back to the lender once the position is closed. In frictionless capital markets, the share price should fall by the amount of the dividend. However, Frank and Jagannathan (1998) demonstrate that the ex-dividend stock price is normally higher than the pre-dividend stock price less the amount of the dividend. For example, if a firm pays a $0.10 dividend, but the share price only falls by $0.09, then the short seller will have to make up the difference, which represents a material cost to the short-seller. Research by Vila (1995 & , and Koski and Scruggs (1998) show that trading volume increases after dividend announcements and before the ex-dividend date, suggesting that some traders engage in a dividend-capturing strategy. They also document abnormal trading activity prior to the ex-dividend date. They conjecture that securities dealers may short a stock cum-dividend and buy it back ex-dividend if they believe the price decrease on the ex-dividend date will be greater than the amount of the dividend plus any additional transaction costs.
In this paper, all of the four above-referenced constraints are investigated in isolation, as well as in combination with one another. Beyond that, their behavior under both a generally-falling securities market and a generally-rising securities market is addressed, as well as their behavior across large and mid-cap firms versus small and micro-cap firms.
III. Data Source and Selection Procedure
The data for this study are compiled from four different sources and spans Finally, 260 firms began the dataset without exchange-traded options, but finished with them. These 260 firms were dropped in order to test the long-term impact of exchange-traded options on shortselling constraints without having to deal with the directional impact of their introduction. Based on the previous research of Figlewski and Webb (1993) , Danielsen and Sorescu (2001) , and Mayhew and Mihov (2005) , it is argued that that the introduction of exchange-traded options represent an economically important relaxation of short-sale constraints, however, there is no consensus as to whether the impact on returns was positive or negative. Therefore, in order to focus on the long-term role that the presence a Criteria for S&P TMI inclusion can be found at:
https://www.sp-indexdata.com/idpfiles/indexalert/prc/active/factsheets/fs-sp-total-market-index-ltr.pdf (or lack) of options plays on short-selling constraints, the 260 option-introducing firms are removed. The final dataset consists of a balanced panel of 1,529 S&P TMI firms.
IV. Methodology
In this investigation, a cross section of stock returns of 1,529 companies over 52 months from September 14, 2007 through December 30, 2011 is examined. A random effects panel regression is used to control for both firm-specific and time-specific random effects and the Arellano (1987) version of the White (1980) heteroscedasticity-consistent covariance matrix corrected standard errors to control for heteroscedasticity and auto correlation. Based on previous research into factor models, specifically, French (1993 & , and Carhart (1997) , the model controls for the market, size, value, and momentum factors.
The following regressions are estimated using a semi-monthly time horizon. The time subscript is suppressed.
(1) , the difference between the returns of value-weighted portfolios of small and big firm stocks ) (SMB , the difference in returns of value-weighted portfolios of high and low bookto-market stocks ) (HML , and the difference in returns of value-weighted portfolios of firms with high and low prior momentum ) (UMD , or up minus down.
V. Summary Statistics

A. Sample
Panel A of Table 1 (2002) is consistent with the notion of small and micro-cap firms being more short-sale constrained than large or mid-cap firms.
The role of RSI was proposed by Figlewski (1981) , and approximates the demand to short sell a given stock. It is traditionally held that as the level of RSI for a given firm increases, the demand to short that stock increases, thereby making it more difficult to short that firm at the margin. Consistent with the findings of Chen et al. (2002) , however, we observe that on average, firms have little or no short interest outstanding, as evidenced by an average of only 5.63% of outstanding shares shorted at any given time. A separation of large and mid-cap firms (4.87%) from small and micro-cap firms (6.04%)
shows that low levels of RSI are not a function of market cap.
(Insert Table 1 Here)
The lack of a tradable option means that investors are only able to take a short position in a stock directly, as opposed to taking a synthetic short position by purchasing put options or selling call options. The lack of exchange-traded options is thus consistent with higher levels of short-selling constraint. Another potential short-selling constraint concerns cash dividends paid by the firm. If the value of a stock does not drop by the amount of the paid dividend, as shown by Frank and Jagannathan (1998) , then shorting a stock that is scheduled to pay a dividend exposes the short seller to increased levels of risk. In the context of this study, the presence of a dividend is also consistent with increased levels of short-selling constraint since the short seller would be responsible for transferring all paid dividends to the original lender. However, if the stock price does not fall by at least the amount of the dividend, then the short seller must come up with the difference. This difference represents a material cost to the short seller. In summary, if the lack of exchange-traded options does in fact represent a short-selling constraint, then that constraint only applies to small and micro-cap firms, and not to large or mid-cap firms. Second, if cash dividends represent a short-selling constraint, then that constraint applies to all large and mid-cap firms, but only to about half of the small and micro-cap firms. Therefore, it may be useful to examine firms separately based on size. Otherwise, the presence of options and the payment of cash dividends may be proxies for size rather than specific short selling constraint measures. We analyze the data in this manner based on our proposition that short-selling constraints may behave in an asymmetric fashion.
B. Test Windows: Full-Term, Generally Rising, and Generally Falling Securities Market
(Insert Figure 1 Here) (1994) , who examined the average number of institutional investors of optioned stocks relative to a non-optioned control sample, and found that optioned stocks attract a greater number of institutional investors. Boehmer and Kelley (2009) found that stocks with greater IO are priced more efficiently to the extent that their prices more closely follow a random walk. The authors argued that if options attract institutional investors, and if institutional investors are more informed and sophisticated than the average investor, then greater institutional investor holdings will contribute to improved informational efficiency.
C. Test of Differences
(Insert Table 2 Here) Panel A of Table 2 also presents results for tests of differences in IO and RSI based on the dividend-paying status of firms. In the case of IO, it appears as though institutional holdings are slightly heavier for dividend-paying firms. In the case of RSI, however, there appears to be slightly reduced values for dividend paying firms.
Finally, Panel A of Table 2 shows results for tests of differences in IO and RSI depending on whether the overall securities market (represented by the S&P 500 index) was "generally falling" or 
VI. Empirical Results: Individual Constraint Variables
Miller's (1977) overpricing hypothesis states that high levels of short-sale constraints may prohibit investors from short selling certain stocks. If investors are unable to short sell these stocks, then the price of these securities may be artificially high, which should translate into lower subsequent returns. Once the constraint is removed, however, and investors are again free to short these securities, the stock price may fall. Past studies demonstrated that (individually or in some combinations) low levels of IO, high levels of RSI, the absence of exchange-traded options, and the presence of dividends are all consistent with the notion of a short-sale constraint. In this section of the study, individual firm returns are regressed on each of the aforementioned constraints individually to determine if the presence of any of the constraints does in fact reduce the returns associated with the corresponding stock. The vector of control variables is included in each regression. This analysis is repeated for the "generally falling" portion of the sample period, and again for the "generally rising" portion to ascertain whether each/any of the constraints behave asymmetrically depending on the market environment.
Panels A, B, and C of Table 3a provide semi-monthly return analysis based on the full term, the "generally falling" term, and the "generally rising" term, respectively. (2002) found that institutional investors are the main suppliers of stock loans, thereby allowing IO to proxy for short-selling loan supply. Proposed by Figlewski (1981) , RSI approximates the demand to short sell a given stock. It is traditionally held that as the level of RSI for a given firm increases, it becomes more difficult to short that firm at the margin. Based on this, low levels of RSI are used to represent a relatively unconstrained stock. In the case of IO, high levels of IO are consistent with a relatively unconstrained stock. The tercile representing the lowest short-sale constraint (high IO and low RSI) is used as the "base case." A test is then run to determine whether the two other terciles of that variable are statistically different from the corresponding base case with regard to their impact on firm returns.
A value of 1 is assigned if a firm has exchange-traded options, 0 otherwise. Similar to both IO and RSI, the least constrained condition (in this setting, the presence of options) is used as the base case. A test is then run to determine whether the lack of tradable options has a statistically different impact on firm returns relative to that base case. The presence of exchange-traded options is considered to be the least constrained condition because options allow investors to bet on the downward movement in a stock without having to short the stock directly. With tradable options, investors can establish synthetic short positions by either buying puts or writing calls.
Finally, a value of 1 is assigned if a firm pays a cash dividend in the current month, 0 otherwise.
Based on the results of Frank and Jagannathan (1998), a test is run to determine if cash dividends represent a material cost to short sellers when the stock price does not fall by the amount of the dividend. Due to their result, the absence of cash dividends is used as the least constrained case. It should be noted that a dividend-paying firm is categorized as "dividend-paying" only during the month of an actual dividend payment. So although a firm may pay a consistent quarterly dividend throughout the study, it is categorized as "no dividend payment" during all months where no actual dividend is paid.
The purpose for this is to solely test the effect of an actual dividend payment on the decision of a short seller.
(Insert Table 3a Here)
A. Individual Constraint Variables: Full-Term
The first column of Panel A presents the results for IO. The results indicate that low levels of IO translate into lower firm returns at a statistically significant level, relative to high levels of IO. This is consistent with Miller's (1977) theory that short-sale constrained stocks will have artificially high prices and yield lower returns. The results for RSI, on the other hand, are the opposite of results from previous literature. Column 2 shows that firms with mid and high levels of RSI tend to have higher returns compared to firms with low levels of RSI. This is more consistent with the findings of Chen et al. (2002) who claim that higher levels of short interest could mean that the stock is relatively unconstrained rather than highly constrained. Based on the results from column 2, it might be argued that low, as opposed to high, levels of relative short interest are more consistent with a short selling constraint, since low levels of short interest may reflect the high cost of shorting. The third column tests the impact of exchange-traded options on firm returns. Again, consistent with expectations, the results indicate that the lack of a tradable option prohibits traders from taking a synthetic short position, which leads to inflated prices and lower returns. The fourth column of Panel A tests the impact that the presence of cash dividends have on firm returns. Interestingly enough, this last constraint does not impact firm returns in the full-term, relative to the corresponding least constrained base case.
B. Individual Constraint Variables: Generally Falling Market
The previous regressions are re-run across the "generally falling" market, from September 2007 through February 2009. If the short-selling constraint variables behave symmetrically, then we should expect to find the same pattern on both the "generally falling" and "generally rising" markets as for the entire full-term analysis.
Panel B of Table 3a presents the results for the "generally falling" market. In the full-term analysis, low IO and the absence of exchange-traded options had a statistically negative impact on firm returns and mid and high levels of RSI had a statistically positive impact, but during a falling market, of the three, only IO is able to maintain its explanatory power. On the other hand, whereas the presence of cash dividends did not have any explanatory power in the full-term analysis, the presence of dividends in a generally falling market actually increase firm returns.
Concerning the question of why cash dividends contribute to higher firm returns, research by Vila (1995 & , and Koski and Scruggs (1998) may provide some guidance. In their research, they show that trading volume increases after dividend announcements and before the exdividend date, suggesting that some traders engage in a dividend-capturing strategy. A dividendcapturing strategy may in fact be popular during a falling securities market if the objective is to soften the blow to an investor's portfolio.
C. Individual Constraint Variables: Generally Rising Market
The previous regressions are once again re-run across the "generally rising" market, from March 2009 through December 2011. In Panel C of Table 3a , we observe the constraints behaving in a manner nearly universally consistent with theoretical expectations. Particularly, in the case of IO, where low levels of IO are consistent with the most short-sale constrained case, firm returns are reduced by nearly a quarter of a percent (-0.241%) per half-month. Mid and high levels of RSI have a statistically and economically significant effect on firm returns. However, as seen in the full-term analysis, the traditionally-held view that high levels of RSI are consistent with short-sale constraints appears to be backwards. Column 2 of Panel C again supports the results of Chen et al. (2002) who argue that low, as opposed to high, levels of relative short interest are more consistent with a short selling constraint, since it may represent the high cost of shorting. Related to this point, Jones and Lamont (2002) show that stocks that are expensive to short have larger price-earnings ratios and earn lower subsequent returns, consistent with the hypothesis that they are overpriced. Finally, a reference back to Table 1 will show that even the maximum level of RSI only reaches 35.53%, which hardly seems to be a "constrained level." This last point is consistent with Asquith et al. (2005) , who find that the typical firm has very little short interest.
Columns 3 and 4, which report results for option and dividend status respectively, provide additional insight concerning the asymmetric behavior of short-selling constraints. Theory suggests that the lack of tradable options and the presence of cash dividends should make a stock more short-sale constrained, which should translate into lower subsequent returns. In a generally rising market, this appears to be precisely the case. In particular, the absence of exchange-traded options and the presence of cash dividends are responsible for a reduction in firm returns in the order of -0.463% and -0.202%, respectively, per half-month.
D. Individual Constraint Variables: Large & Mid-Cap versus Small & Micro-Cap
Because all large and mid-cap firms have exchange-traded options, they are potentially only exposed to three (IO, RSI, and Dividends) of the four possible short-selling constraints. Small and microcap firms, on the other hand, could potentially be exposed to all four. Moreover, if there is in fact a hierarchy with regard to the relative strength of the constraints, then it is possible for the behavior of the constraints to differ between large and mid-cap firms versus small and micro-cap firms due to this differential exposure. This question is investigated, and results are reported in Tables 3b and 3c . Table   3b presents results for the 537 large and mid-cap firms, whereas Table 3c presents the results for the 992 small and micro-cap firms.
(Insert Tables 3b and 3c here) Table 3a shows that low levels of IO behaved as constraints across the board in the full-term.
However, results in table 3c indicate that IO only acts as a constraint for small-and micro-cap firms over the full term, and over the rising market term. There is no significant effect over the falling market term. Table 3b reports that mid levels of IO have statistical power for large-and mid-cap firms, albeit with the opposite sign (positive). With regard to RSI, it again appears that firms with mid and high levels of RSI, regardless of market cap, tend to have higher returns compared to firms with low levels of RSI. This constraint also demonstrates an asymmetric behavior, having no statistical power, or having power in the opposite direction in the generally falling term versus the full term or the generally rising term.
As previously mentioned, all large and mid-cap firms in our sample have exchange-traded options. Therefore, any constraint due to the lack of tradable options will only occur for small or microcap firms. As seen in Table 3c , the lack of tradable options behaves as a constraint for small and microcap firms, but again, asymmetrically. In the generally falling term, the lack of exchange-traded options had zero impact on firm returns. In the full term, however, as well as in the generally rising term, the absence of exchange-traded options is responsible for a reduction in firm returns in the order of -0.229% and -0.445%, respectively, per half-month.
The analysis of the impact that cash dividends have on short-selling constraints for all 1,529 firms yielded zero power in the full-term, a positive impact on returns in the generally falling term, and a negative impact in the generally rising term. Parsing the data, however, between large and mid-cap firms versus small and micro-cap firms yields additional results. For the 537 large and mid-cap firms, the presence of a cash dividend had a negative and statistically significant impact on returns across all three terms analyzed. This is consistent with cash dividends representing a material cost to the short seller when the stock price does not fall by the amount of the dividend, as supported by the work of Frank and Jagannathan (1998) . For the 992 small and micro-cap firms, on the other hand, the presence of dividends only had a statistically significant impact on returns in the generally falling term, but with the opposite sign. This result is more in line with a dividend-capturing strategy in a falling market in an attempt to soften the blow to a portfolio.
VII. Empirical Results: Combined Constraint Variables
The final part of the analysis consists of a full specification test of all four constraint variables simultaneously, allowing for possible interaction effects. After categorizing both IO and RSI as either "low", "mid", or "high", and assigning either a "0" or "1" for option and dividend status, there are a total of 36 (3 X 3 X 2 X 2) possible combinations of the four aforementioned constraint variables. By definition, the most constrained stocks will be those with low IO and high RSI, with no exchange-traded options, that pay cash dividends. Each firm has one of these possible combinations at each of the 104 semi-monthly data points. As in prior sections, the full specification model is then run across the 18-month "generally falling" term and the 34-month "generally rising" term to examine whether any/all of the constraints have asymmetric effects.
(Insert Table 4a Here)
A. Combined Constraint Variables: Full-Term
The first column of Table 4a provides the full-specification results for the entire 52-month term.
The resulting pattern is somewhat ambiguous, and there is no clear-cut pattern as to what combination of constraints has a statistically significant impact on firm returns. As a general summary, there are a total of 10 statistically significant results in column 1. Each of the 10 statistically significant results has a negative coefficient, indicating that each has a negative impact on firm returns, consistent with Miller's (1977) overpricing hypothesis.
Beyond this, Panel A of Table 5a provides a simple variable count to give an indication of the number of times a specific variable tercile (in the case of IO and RSI) or binary level (in the case of option and dividend status) was responsible for any of the 10 statistically significant results. Low, mid, and high IO were represented 4, 4, and 2 times, respectively. Low, mid, and high RSI were represented 6, 2, and 2 times, respectively. With regard to option status, a "lack of tradable options" was represented 7 times, whereas "presence of tradable options" was represented 3 times. Finally, with regard to dividend status, "no cash dividend" was represented 4 times, while "presence of cash dividend" was represented 6
times. Based on this summary of the entire 52-month term, it can be argued that low to mid levels of IO, low levels of RSI, a lack of exchange-traded options, and the presence of a cash dividend are indeed consistent with short-sale constraints.
(Insert Table 5a here)
B. Combined Constraint Variables: Generally Falling Market
The previous combined constraint variable panel regression is re-run across the "generally 
C. Combined Constraint Variables: Generally Rising Market
The regression is once again re-run across the "generally rising" market, from March 2009 through December 2011. The results from column 3 of Table 4a provide further evidence of the asymmetric behavior of short-selling constraints and their impact on firm return. Unlike the "generally falling" period results, the "generally rising" period results strongly imply that certain combinations of short-selling constraints do lead to artificially inflated prices that translate into lower subsequent returns. In fact, there are eight different combinations of constraints that have a statistically significant negative impact on firm return. Table 5a also provides a simple variable count to give an indication of the number of times a specific variable tercile or binary level was responsible for any of the eight statistically significant results.
Low, mid, and high IO was represented 5, 2, and 1 times, respectively. Low, mid, and high RSI was represented 3, 1, and 4 times, respectively. With regard to option status, a "lack of tradable options" was represented 6 times whereas "presence of tradable options" was represented 2 times. Finally, with regard to dividend status, "no cash dividend" was represented 3 times, while "presence of cash dividend" was represented 5 times. Based on the results of column 3 of Table 4a , it can be argued that in a rising market, low levels of IO, the lack of exchange-traded options, and the presence of cash dividends are likely the three best indicators of a short-selling constraint.
D. Combined Constraint Variables: Large & Mid-Cap versus Small & Micro-Cap
Again, because the lack of exchange-traded options only apply to small and micro-cap firms, the four-constraint, full specification test allowing for all possible interaction effects is run again, this time separating the large and mid-cap results from the small and micro-cap results. There are 36 possible combinations of the four constraint variables for small and micro-cap firms, however, for the large and mid-cap firms, there only a total of 18 (3 X 3 X 2 X 1) possible combinations. Tables 5b and 5c, respectively.   (Insert Tables 4b, 4c , 5b, and 5c here)
Focusing first on Tables 4b and 5b (large and mid-cap firms), there are a total of eight negative and significant results across all three periods analyzed. It is worth noting however, that there are no significant results in the generally falling term, which further suggests asymmetric behavior of the shortselling constraints. Beyond that, it is interesting to note that the presence of cash dividends appears in seven of the eight combinations, and low levels of RSI appear in six of the eight. In summary, all large and mid-cap firms have exchange-traded options, which render that particular constraint irrelevant;
where the lack of options does not apply, though, it appears that firms with low levels of RSI and cash dividends tend to generate lower returns.
Focusing next on Tables 4c and 5c (small and micro-cap firms), there are a total of 22 negative and significant results across all three periods analyzed. While large and mid-cap firms had zero significant results in the generally falling term, small and micro-cap firms had one of the 22 appear in the generally falling term, providing additional support of the asymmetric behavior of the constraints.
In the case of short-selling constraints for small and micro-cap firms, the lack of exchangetraded options appears in 14 of the 22 combinations, low or mid levels of IO appear in 18 of the 22, and low or mid levels of RSI appear in 17 of the 22. Taking the lack of options into account, dividends do not seem to be as important a driver for small and micro-cap firms as for large and mid-cap firms.
VIII. Concluding Remarks
Using S&P Total Market Index firm data from September 2007 through December 2011, we assessed the pricing of a variety of short sale constraints both in isolation and in a more fully specified model. Individually specified, lower returns (artificially higher prices) are associated with low IO and lack of options; mid and high RSI had a positive impact, while dividend payment does not indicate a significant impact. Simultaneously specified, the four constraint variables present a pattern generally in agreement with Miller's (1977) overpricing hypothesis.
Parsing the full term into generally falling and generally rising markets, we find substantial support for asymmetry in the pricing of constraints. Individually specified, only IO maintained explanatory power in a generally falling market. The presence of dividends, having no explanatory power in the full term, increased firm returns in the generally falling market. In the generally rising market, however, all of our constraint variables were priced, with mid and high RSI again having a positive impact on returns. This provides substantive evidence that asymmetric effects are present.
Turning to the more fully specified model (that exhibited some ambiguous significant results in the full term), we find that none of the short-selling constraints have any pricing results in the generally falling market. However, in the generally rising market, eight different constraint combinations present a statistically significant negative impact on firm returns, generally in agreement with previous research.
Since the lack of exchange traded options only applies to small-and micro-cap stocks, the models were re-specified to capture differences. Individually specified, while low levels of IO behaved as constraints across the board in the full-term, this result is driven by small and micro-cap firms, and only in the full term, and to a slightly stronger case, in the rising securities market term. Mid levels of IO have statistical power for large and mid-cap firms, albeit with the opposite sign (positive). With regard to RSI, it again appears that firms with mid and high levels of RSI, regardless of market cap, tend to have higher returns compared to firms with low levels of RSI. This constraint also demonstrates an asymmetric behavior, having no statistical power, or having power in the opposite direction in the generally falling term versus the full term or the generally rising term. Absence or presence of exchange traded options represent a possible constraint only for small or micro-cap firms, the lack of tradable options as a constraint for small and micro-cap firms. Again, the effect is asymmetrical: in the generally falling term, the lack of exchange-traded options had zero impact on firm returns, but in the full term and in the generally rising term, the absence of exchange-traded options is responsible for a reduction in firm returns in the order of -0.229% and -0.445%, respectively, per half-month. The presence of cash dividends yielded no explanatory power in the full-term, a positive impact on returns in the generally falling term, and a negative impact on returns in the generally rising term. For the large and mid-cap firms, the presence of a cash dividend had a negative and statistically significant impact on returns across all three terms analyzed. For small and micro-cap firms, the presence of dividends only had a statistically significant impact on returns in the generally falling term, but with the opposite sign. This result is more in line with a dividend-capturing strategy in a falling market in an attempt to soften the blow to a portfolio.
Our more fully specified model for large/mid versus small/micro firms yielded greater insight.
For large-and mid-cap firms, eight significant, negative results occurred, none of which appeared during the generally falling market, suggesting further support for asymmetry; cash dividends and low RSI appear prominent in the combinations that had significance. For small-and micro-cap firms, 22 significant, negative results were present, only one of which occurred in the generally falling market. As suspected, the lack of options had a strong effect in the 22 significant results for small-and micro-cap firms, being present in 17 out of the 22.
Our study suggests practical guidance for short sellers, since many of our results imply substantive pricing outcomes. Public policy changes may also be implied; since investors may be able to apply these outcomes to more closely identify over-or under-valued stocks, it may be in the public interest to increase market liquidity by increasing the frequency and quality of information used by short-sellers and to improve the collection and archiving of short-sale activity information. Promoting the possibility of synthetic short positions through greater availability of option structures for small and micro-cap stocks may also have the potential of curbing over-valuation of stocks by enabling pessimistic influences.
This study also suggests items of importance to researchers. Our results hint that models incorporating all four constraint variables simultaneously may provide greater insight when exploring effects of short-sale constraints. Different constraint effects in generally falling and generally rising markets suggest that asymmetry could be a significant effect in other studies. Finally, the significant results from our extension to small-and micro-cap stocks suggest that the lack of options may significantly deter synthetic short positions. Table 2 provides a difference of mean test for institutional ownership and relative short interest. The test is conducted three times across option status, dividend status, and falling versus rising securities markets. Equality of the means is tested by the t test. *, **, *** denote statistical significance at the 0.10, 0.05, and 0.01 levels, respectively. The sample period is September 2007 through December 2011.
Table 3a (All Firms)
Overvaluation as a function of individual short-sale constraint proxies.
A random effects panel regression is used to control for both firm-specific and time-specific random effects and the Arellano (1987) version of the White (1980) heteroscedasticity-consistent covariance matrix corrected standard errors to control for heteroscedasticity and auto correlation. The model is used to test semi-monthly returns for 1,241 firms are shown as a function of the individual short-sale constraint proxies, controlling for the market, size, value, momentum, and option introduction. Our analysis is conducted across the full term, a "generally falling" term and a "generally rising" term. The generally falling term is from September 14, 2007 through February 27, 2009, and spans 36 semimonthly data points. The generally rising term is from March 13, 2009 through December 30, 2011, and spans 68 semi-monthly data points. Returns are expressed in percentages per half-month. *, **, *** denote statistical significance at the 0.10, 0.05, and 0.01 levels, respectively.
Table 3b (Large and Mid-Cap Firms)
Table 3c (Small and Micro-Cap Firms)
A random effects panel regression is used to control for both firm-specific and time-specific random effects and the Arellano (1987) version of the White (1980) heteroscedasticity-consistent covariance matrix corrected standard errors to control for heteroscedasticity and auto correlation. The model is used to test semi-monthly returns for 1,241 firms are shown as a function of the individual short-sale constraint proxies, controlling for the market, size, value, momentum, and option introduction. Our analysis is conducted across the full term, a "generally falling" term and a "generally rising" term. The generally falling term is from September 14, 2007 through February 27, 2009, and spans 36 semimonthly data points. The generally rising term is from March 13, 2009 through December 30, 2011, and spans 68 semi-monthly data points. Returns are expressed in percentages per half-month. *, **, *** denote statistical significance at the 0.10, 0.05, and 0.01 levels, respectively. Table 4a . Table 5 contains a count as to the number of times a variable tercile (in the case of IO and RSI) or binary level (in the case of option and dividend status) is responsible for any of the statistically significant results from the corresponding panels of Table 4a . Table 4b . Table 5 contains a count as to the number of times a variable tercile (in the case of IO and RSI) or binary level (in the case of option and dividend status) is responsible for any of the statistically significant results from the corresponding panels of Table 4b . Table 4c . Table 5 contains a count as to the number of times a variable tercile (in the case of IO and RSI) or binary level (in the case of option and dividend status) is responsible for any of the statistically significant results from the corresponding panels of Table 4c .
